We report the case of a 52-year-old man in whom multiple conglomerated ring-enhanced lesions in the left frontal lobe were revealed on magnetic resonance imaging (MRI); further, he presented with headache. Subtotal resection of the mass was performed and the histopathological diagnosis of gemistocytic astrocytoma was made. He received postoperative radiotherapy of remnant mass. Six months post-surgery, new multiple lesions were developed on the left cerebellum and the lesion yielded radiological findings that were quite similar to those of the lesion previously observed in the left frontal lobe. Total resection was performed with the aid of neuronavigation and a live yellow 10-cm-long worm with an active scolex was found. A pathologist identified the worm as a sparganum of Spirometra mansoni. This suggests that the live worm may have moved to the ipsilateral cerebellum due to the stimulus from the surgery and radiation on the frontal lobe. Although this case presented characteristic MRI findings of sparganosis, we did not conduct a serological test; therefore, we misdiagnosed sparganosis as gemistocytic astrocytoma. To the best of our knowledge, this is the first report of the ipsilateral transtentorial migration of cerebral sparganosis.
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Sparganosis, gemistocytic astrocytoma, transtentorial migration Cerebral sparganosis is a rare intracranial parasitic infection caused by the infestation of a plerocercoid tapeworm larva of Spirometra mansoni. Most infections in humans usually invade the subcutaneous tissue or muscles but may also occur in the abdominal cavity (Lee et al. 2005) , pleura (Ishii et al. 2001) , genitourinary tract (Jeong 2004) , eye (Yoon et al. 2004) , bone (Settakorn et al. 2002) , spinal canal (Kudesia et al. 1998) , and brain. Sparganosis of the central nervous system (CNS) is extremely rare, and the route of infection to the CNS is not yet known. When sparganosis of the CNS does occur, the infection most frequently affects the cerebral hemispheres, especially the frontoparietal lobe; even more rarely, sparganosis of the CNS may infect the cerebellum, brainstem, or spinal cord (Chang and Moon 1998) . It has been known for some time that cerebral sparganosis could migrate within one cerebral hemisphere or even to the contralateral side (Kim et al. 1996) . However, there have been no reports that described migration of cerebral sparganosis to the ipsilateral cerebellar hemisphere. Here, we report the first case of sparganosis on the left frontal lobe, in which the parasite could not be removed surgically and moved to the ipsilateral cerebellar hemisphere.
In December 2007, a 52-year-old man with a 5-day history of headache was admitted. His medical and surgical histories were unremarkable. The neurological examination revealed no abnormalities. Cranial magnetic resonance imaging (MRI) revealed multiple conglomerated rings enhanced nodular lesions, indicating granulomatous inflammation in the left frontal lobe with extensive surrounding edema (Fig. 1) . Surgical removal of the mass via a left frontal craniotomy was performed. The mass was lobulated, hard, yellowish, and well-capsulated. We thought we had removed the mass completely during the operation, but an MRI performed after the operation revealed small residual enhancing lesions in the left frontal lobe. Histopathological examination revealed a varying amount of gemistocytes that were dominated by plump, glassy angular cell bodies with eccentric nuclei (Fig. 2) . Immunohistochemical analysis revealed positive staining for glial fibrillary acidic protein and synaptophysin. Pathological *Corresponding author: tykim@wonkwang.ac.kr Transtentorial migration of cerebral sparganosis 277 diagnosis confirmed the lesions as gemistocytic astrocytoma. The postoperative course was uneventful, and the patient received local irradiation of the remnant mass; the dose was 5000 cGy.
The clinical condition of the patient was satisfactory until June 2008, when he experienced dizziness. A follow-up MRI revealed a new lesion on the left cerebellum, and the lesion had radiological findings that were quite similar to those of the lesion found on the left frontal lobe in the past (Fig. 3) . There was no size change in the remnant mass on the left frontal lobe. A left suboccipital craniectomy and transcortical approach were performed guided by neuronavigation. As soon as a small incision was made over the left cerebellar cortex, a live yellow 10-cm-long worm with an active scolex was suctioned out (Fig. 4) . The surrounding yellowish granuloma was excised. A pathologist identified the worm as a sparganum of Spirometra mansoni (Fig. 5) , and the pathological diagnosis established the surrounding lesion as an eosinophilic granuloma. The patient's serum and cerebrospinal fluid (CSF) were examined for the level of anti-sparganum IgG antibody by micro-ELISA, which was performed at the Seoul Medical Science Institute. The titer for sparganosis was significantly elevated in the serum (optical density, 0.82; cut off point, 0.24) and CSF (optical density, 0.70; cut off point, 0.25). The assay using anti-sparganum IgG antibody has been shown to have high sensitivity (85.7-100%) and specificity (95.7%) in this condition (Kim et al. 1984) . A retrospective examination revealed that the patient had eaten raw snakes several times 30 years ago. The patient is doing well 4 months postoperatively.
Human sparganosis has been observed worldwide; however, it is most frequently observed in China, Korea, Japan, and Southeast Asia (Murata et al. 2007) . Human infection usually occurs due to the following: (1) drinking untreated water con- taining infected copepods, (2) ingesting the raw or inadequately cooked flesh of snakes or frogs infected with the sparganum, and (3) applying the flesh of an infected intermediate host as a poultice to a wound (Kim et al. 1996, Chang and Moon 1998) . We think that the patient was infected by eating raw snakes. After the sparganum enters the human body, the sparganum must first penetrate the gastrointestinal wall before the sparganum can migrate systemically. These plerocercoids commonly attach themselves to the subcutaneous tissue or muscles of the abdominal wall (Chang and Moon 1998) . Sparganosis of the CNS is extremely rare, and the most commonly observed early symptoms in infected patients are headaches and seizures, with or without focal neurological signs (Kim et al. 1996, Chang and Moon 1998) .
MRI showed the characteristic findings of cerebral sparganosis and is the best choice for a neuroimaging study. The most characteristic finding was the tunnel sign on the postcontrast coronal and sagittal MRI, and the most common finding was multiple conglomerated ring-shaped (bead-shaped) enhancements. Other important findings included cortical atrophy, white matter degeneration, and ipsilateral ventricular dilation of the lesions produced by a migrating worm. Combined with clinical history and ELISA, a correct preoperative diagnosis of cerebral sparganosis could be established (Song et al. 2007) .
In the present case, we think the parasite could not be found during the first operation due to the following reasons. The lesion was located in the deep portion of the frontal lobe base and was tiny. Moreover, since the operation was performed without the stereotactic system, the lesion may have not been removed completely after all.
Although the authors could not confirm the moving pathway of the live worm on the MRI findings directly, it can be judged that this is a case of sparganosis in which the worm moved from the left frontal lobe to the ipsilateral cerebellum. The reasons are as follows. First, there was no lesion in the cerebellum on the MRI performed before the first operation. Second, the radiological finding of the cerebellar lesion found after six months is quite similar to the previous radiological findings of the lesion on the left frontal lobe. Third, the lesion on the left frontal lobe was in the chronic phase, accompanied by cortical atrophy and white matter degeneration. This implies that the live worm moved to the ipsilateral cerebellum because of the stimulus from the operation and radiation on the frontal lobe. Despite this case showed characteristic MRI findings of sparganosis, a serological test was not conducted, and the operation was performed hastily. Therefore, the pathologist who did not obtain accurate clinical information misdiagnosed the infection as a gemistocytic astrocytoma and mistakenly performed postoperative radiation therapy of the remnant mass. Gemistocytes typically accompany a variety of CNS tumors and tumor-like lesions, including gemistocytic astrocytoma, oligodendroglioma with minigemistocytes, subependymal giant cell astrocytoma, astroblastoma, ependymoma, toxic/metabolic leukoencephalopathy, and reactive gliosis in demyelinating disease (Tihan et al. 2006) . Gemistocytes also can be found in reactive gliosis due to the infection/inflammation, as observed in our patient.
The most definitive diagnosis of sparganosis is, of course, based on the intraoperative discovery of a parasite. However, due to recent advances in serological and radiological techniques, proper diagnosis could be established prior to surgery. The best treatment for cerebral sparganosis is complete surgical removal of the parasite and the surrounding granuloma (Kim et al. 1996, Chang and Moon 1998) . It is a commonly held opinion that there is no known antihelminthic drugs for cerebral sparganosis. Niclosamides are effective antihelminthic agents while the tapeworm is still within the intestine of the primary host. Once the tapeworm extends beyond the intestine, there is no evidence to support the therapeutic value of praziquantel and albendazole, which have been effective in neurocysticercosis (Jeong et al. 1998 ).
To the best of our knowledge, this is the first case of ipsilateral transtentorial migration of cerebral sparganosis. We recommend when the characteristic findings of cerebral sparganosis are seen on MRI, the surgeon should carefully consider all patient-related data prior to considering surgical intervention or a biopsy, and should also provide accurate information to the pathologist.
